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Abstract: 
 
Background: Pearl millets are a group of highly variable small-seeded grasses; they are 
widely grown around the world as cereal crops and have a wide array of uses. They 
harbor a lot of fungi from field to post-harvest which are capable of posing health hazards 
to humans and animals. The objectives of this research study were to isolate and identify 
different fungi associated with millet at different periods of storage and determine their 
mycotoxin profile. Materials and Methods: Millet samples were purchased randomly 
from vendors in three major markets situated in three different local governments in 
Ibadan, Oyo State, Nigeria over a three-month period. The samples were brought to the 
laboratory in sterile polythene bags. Isolation of fungi from the millet samples was done 
by direct plating on Saboraud’s Dextrose Agar (SDA) incorporated with chloramphenicol 
to prevent bacterial growth. The plates were incubated at room temperature for 48-72 
hours and observed. Results: Pure cultures of fungi were obtained by repeated sub-
culturing. A total of fourteen (14) fungi belonging to twelve (12) genera were obtained. 
Aspergillus fumigatus had the highest (25.7%) frequency of occurrence, with 
Syncephalastrum spp (6.5%), Rhizopus spp (5.7%), Fusarium spp (3.6%), Alternaria 
brassicicola (2.8%), Curvularia spp (3.2%), Mucor mucedo (2.4%), Gonatobotrys simplex 
(1.2%), Acladium conspersum (0.5%), Penicillium spp (2.8%), Aspergillus niger (21.2%),  
Aspergillus flavus (23.6%) while Nigrospora oryzae and Sporendonema spp had the lowest 
(0.4%) frequencies. The mycotoxin profile quantification revealed the presence of four 
aflatoxins: AFB1, AFB2, AFG1 and AFG2 in the millet samples with the samples 
purchased from Oje having the highest aflatoxin level of 897 ppb. Conclusion: There is 
the need to adopt strict hygiene, storage and preservative practices to prevent fungi from 
infecting millet samples with a view to controlling their aflatoxin level. 
Key words: Millet; Pennisetum glaucum, (L.); Fungi; Aflatoxins; Mycotoxins. 
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1. Introduction 
Pearl millet (Pennisetum glaucum, (L.) belongs to the family Poaceae. It is the most widely 
grown millet and is an important crop in India and parts of Africa (McDonough et al., 
2000). Pearl millet is thought to have originated from the Sahel region in Africa 
(Hannaway and Larson, 2004). Millets are important staple foods in human history, 
particularly Asia and Africa. They have been in cultivation in East Asia for the last 10,000 
years. Millets have been successfully utilized in food products and beverages, 
convalescent and weaning foods (Anu and Kwatru, 2006). Millets are rich in B vitamins, 
especially niacin, B17, B6 and folic acid, calcium, iron, potassium, magnesium and zinc. 
Pearl millet has a wide array of uses. In its traditional growing areas in India and many 
African countries, pearl millet is consumed in the form of leavened or unleavened bread, 
porridges, boiled or steamed foods, and (alcoholic) beverages. The stalks are a valued 
building material, fuel and livestock feed (Wilson et al., 2006). 
Seeds are regarded as highly effective means for transporting plant pathogens over long 
distances, seed-borne pathogens have been involved in seed rots during germination and 
seedling mortality leading to poor crop stand (Khalid et al., 2001); reduction in plant 
growth and productivity of crops (Korbabs and Rauf, 1999). The seed-borne pathogens 
associated with seed abortion, seed rot, seed necrosis, reduction or elimination of 
germination capacity, as well as seedling damage resulting in development of disease at 
later stages of plant growth by systemic or local infection (Khanzada et al., 2002). 
Fungi are ubiquitous plant pathogens that are major spoilage agents of foods and 
feedstuffs. The infection of plants by various fungi not only results in reduction in crop 
yield and quality with significant economic losses but also contaminations of grains with 
poisonous fungal secondary metabolites called mycotoxins (Atanda et al., 2013). 
The presence of mycotoxins in our food systems and tissues has enormous public health 
significance because these toxins are nephrotoxic, immunotoxic, teratogenic and 
mutagenic. They are also capable of causing acute and chronic effects in man and animals 
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ranging from death to disorder of the central nervous system, cardiovascular, pulmonary 
systems and intestinal tract (Bhat and Vasanthi, 2003). Of the greatest concern is the 
relevance of these toxins in human hepatoma and oesophageal cancer, increased 
susceptibility to diseases especially in children and childhood pre-five mortality and 
reduced life expectancy (Beardall and Miller, 1994). 
Mycotoxin production by fungi in stored grains therefore really poses a health problem 
in animals and man. Therefore the objectives of this research study were to isolate and 
identify different fungi associated with millet purchased from some markets in Ibadan, 
Nigeria and determine the mycotoxin profile of the grains. 
 
2. Materials and Methods 
2.1 Sample Collection 
Samples of pearl millet (Pennisetum glaucum) used for this study were obtained from 
Bodija, Oje and Oja-Oba markets, Ibadan, Oyo State, Nigeria. The millet was purchased 
from three (3) vendors in each market on monthly basis over a period of three months 
and each sample was put in sterile nylon bags and brought to the Microbiology 
laboratory of the Department of Microbiology, Lead City University, Ibadan, Nigeria.  
Purchased samples were kept in a cool, dry place where temperature and relative 
humidity values were taken and recorded daily. The study was carried out over a period 
of six (6) months from January to June 2017. 
2.2 Preparation of Saboraud’s Dextrose Agar (SDA) 
Saboraud Dextrose Agar (32.5g) was dissolved in 500ml of sterile distilled water in a 
conical flask. It was homogenized in a shaking water bath at 100°C for 20 minutes. The 
mouth of the conical flask containing the homogenized agar was plugged with a non-
absorbent cotton wool. The conical flask was wrapped with aluminum foil and then 
sterilized in an autoclave at 121°C with a pressure of 15psi for 15 minutes. Autoclaved 
SDA was amended with chloramphenicol at 5%/500ml and allowed to cool. 
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2.3 Preparation of Sample and Isolation of Fungi 
Prepared Saboraud Dextrose Agar medium was poured into sterile plastic Petri dishes 
and allowed to set in an aseptic condition. The millet grains were surface sterilized with 
1.0% sodium hypochlorite (NaOCl) and later washed with three (3) changes of sterile 
distilled water before plating on agar on the Petri dishes. Sterile forceps were used to pick 
40 grains of millet into SDA plates. Inoculated plates were incubated at room temperature 
of 28-30oC for 4 to 6 days. The numbers of each of colony that grew on the plates were 
recorded. Each of the obtained isolates was subject to further study leading to 
identification (Peluola and Muibi, 2010; Aaraj et al., 2015). 
2.4 Identification of Fungal Isolates 
 The cultural features of isolated fungus was carefully observed and recorded. Wet mount 
of each isolate was prepared on a microscope slide and stained with lactophenol in cotton 
blue. The prepared mounts of fungi were observed under the microscope using the X4 
and X10 objective lens and detailed morphological features of each organism (isolate) 
were recorded. The features of organisms were compared with those described in 
standard manual of fungi identification (Barnett and  Hunter, 2003). 
2.4.1 Determination of frequency of occurrence of fungal isolates 
Frequency of occurrence of each fungal isolate sample in each location was expressed as 
a percentage of the total number of different organisms isolated over the period of study. 
The calculation was as follows: 
Frequency = 
𝑡
𝑛
∗
100
1
 
n= Total number of microorganism isolated in the study over the period. 
t= No. of times of occurrence of the individual isolate over the period.  
2.5 Mycotoxin Analysis 
Samples were properly mixed and 20g each was taken blended using an industrial 
blender for three (3) minutes.  One hundred milliltre of 70% methanol was added to each 
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of the blended sample and covered with parafilm. They were placed in an orbit shaker 
for 30 minutes at 400 rpm. The samples were then poured into Whatmans filter papers of 
185mm. Residues were discarded and filtrates were transferred into separating funnels. 
Twenty millitre of distilled water and 25ml of dichloromethane were added to each of 
the filtrates in the separating funnels. The separating funnels were covered and shaken 
gently to ensure that the distilled water breaks the bond between the filtrate and to ensure 
that the dichloromethane mixes properly with the filtrate. The separating funnels were 
placed in conical flasks in order to settle and separate.  The filtrates separated into two 
(2) layers. The top layers were the filtrates while the bottom layers were the toxin extracts. 
The filtrates at the bottom were dispensed into sample cups through folded filter papers 
bedded with 20g of hydrous sodium sulphate. The layers containing the toxin extracts 
were dispensed into other sample cups. The sample cups were placed in a fume cupboard 
and allowed to dry overnight. Dry empty cups were found the following day as 
dichloromethane evaporates leaving the toxins in the cups. One milliliter of 
dichloromethane was added to the toxins in the cups to dissolve them 1.5ml ephendof 
tubes were used to transfer and analyzed them using Thin Layer Chromatography with 
scanning densitometer. The values were observed and recorded (FAO, 1990; Zhang et al., 
2018). 
 
3. Results 
3.1 Occurrence of Fungal Isolates from Millet Samples in Different Locations in Ibadan  
      Metropolis, Nigeria 
Based on morphological (macroscopic and microscopic) characteristics, the following 
fungi were isolated from millet samples purchased from Oja-Oba, Bodija and Oje markets 
during the period of study:Syncephalastrum spp., Aspergillus fumigatus, Rhizpous stolonifer, 
Sporendonema spp., Fusarium spp., Alternaria brassicicola, Curvularia spp., Mucor mucedo. 
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Aspergillus flavus, Aspergillus niger, Penicillium spp and Gonatobotrys simplex Aspergillus 
fumigatus, Rhizopus stolonifer and Fusarium spp were isolated. 
 The results of the fungi isolated from the samples across the 3 market locations are 
presented in Table 1. Syncephalastrum spp was isolated from the samples from the 3 
markets during the first sampling. Gonatobotrys simplex was isolated from samples 
obtained from Oja Oba. Aspergillus niger, Aspergillus flavus and Rhizopus stolonifer were 
isolated from samples from the 3 locations during the second and third sampling. 
3.1.1 Frequency (%) of occurrence of fungi on millets from three main selected 
locations 
The results of the frequency (%) of occurrence of fungi on the millet samples are presented 
in Table 2. Syncephalasturm spp (25.0%), Aspergillus fumigatus (25.0%), Rhizopus stolonifer 
(14.0%) were mainly isolated from samples obtained from Oja Oba. Syncephalasturm spp 
(51.4%) and Rhizopus stolonifer (20.6%) were more frequently isolated from Bodija market. 
Aspergillus flavus (14.8%), Sporendonema spp (25.9%) and Aspergillus niger (33.3%) were 
also from Oje market obtained during the first sampling.  
Samples obtained from 3 markets had the following fungi frequency percentage 
occurrence during the second sampling period: Oja Oba market had Aspergillus fumigatus 
(15.2%), Fusarium spp (6.2%); Bodija market samples had Rhizopus stolonifer (30.2%), 
Fusarium spp (13.9%), A. niger (2.3%), A. flavus (27.9%) and Penicillium (23.3%) while 
samples obtained from Oje market Rhizopus stolonifer (12.5%), Aspergillus flavus (13.7%) 
and Aspergillus niger (2.5%) and A. fumigatus (68.7%) while Fusarium sp and Alternaria 
brassicicola had the lowest frequency of 1.3%. 
Aspergillus flavus (71.4%) was more predominant, Aspergillus fumigatus (7.8%) and  
Alternaria brassicicola (6.5%) were mainly obtained from Oja Oba samples. Aspergillus 
fumigatus (24.7%), A. flavus (24.5%) and A. niger (32.5%) were mainly isolated from Bodija 
samples while at Oje market Aspergillus flavus (55.6%) Aspergillus niger (26.3%) Aspergillus 
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fumigatus (10.5%) were mainly isolated and Nigrospora oryzae (0.7%) with negligible 
frequency percentage occurrence during the third sampling. 
3.1.2 Average frequency (%) occurrence of fungi isolated from millet samples in three  
         main selected locations  
The average frequency (%) of occurrence of microorganisms isolated in millets from 
different locations revealed a significant difference in their frequency. The most abundant 
fungi isolated from all the locations were Aspergillus fumigatus (25.7%), Aspergillus flavus 
(23.6%) and Aspergillus niger (21.2%). The least frequently isolated fungi were 
Sporendonema spp (0.4%) and Gonatobotrys simplex (1.2%) (Table 3). 
3.1.3 Average frequency (%) occurrence of fungi associated with millet stored for three  
         months 
The average frequency occurrence of fungi associated with milet stored for three months 
are presented in Table 4. During the first month of the storage, samples obtained from 
Oja-Oba market recorded the highest frequency (%) occurrence of Syncephalastrum sp 
(15.4%) and the lowest from Oje market (5.7%). The frequency of Aspergillus fumigatus 
(19.6%) was higher in Oja-Oba market and least in Bodija market (5.3%). Fusarium sp 
recorded a frequency of (3.4%) in Oja-Oba market and 3.0% in Bodija market. However, 
Fusarium sp was absent in Oje market. Aspergillus flavus was significantly higher in Oja-
Oba market (36.2%) and least in Bodija market (21.7%). Aspergillus niger was higher in Oje 
market (27.2%) and least in Oja-Oba market (19.3%). Penicillium sp had the highest 
frequency of 5.7% in Bodija and the least in Oja-Oba market (2.2%).  
During the second month of the storage period, Syncephalastrum sp, Alternaria brassicicola, 
and Sporendonema sp were not isolated in all three locations. Aspergillus fumigatus had the 
highest frequency in Bodija market (40.1%) and the least in Oje market (1.5%). Rhizopus 
stolonifer was higher in Oje market (11.9%) and least in Oja-Oba market (3.0%). Aspergillus 
flavus had the highest frequency of occurrence in Oje market (53.6%) and the least in Oja-
Oba market (15.4%). In Bodija market, Aspergillus niger had the highest frequency of 
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26.6% and the least in Oja-Oba market (18.0). Penicillium sp and Gonatobotrys simplex 
were higher in Oje market (1.3%) but was negligible in Oja-Oba market (0.3%). Nigrospora 
oryzae had a frequency of 1.3% in Oje market but was absent in the other two markets. 
During the third month of the storage period, Syncephalasturm sp, Sporendonema sp, 
Alternaria brassicicola, Curvularia sp, Penicillium sp, Acladium conspersum and Nigrospora 
oryzae were absent in all three locations. Aspergillus fumigatus has the highest frequency 
in Oja-Oba market (28.5%) and the least in Bodija market (19.4%). Fusarium sp had a 
frequency of 5.0% in Bodija market but was absent in the other locations. Aspergillus flavus 
had the highest frequency of occurrence in Bodija market (35.0%) and the least in Oja-
Oba market (30.7%). In Oje market, Aspergillus niger had the highest frequency of 31.8% 
and the least in Bodija market (21.5%).  
3.1.4 Frequency (%) of fungi associated with millet stored for three months in three 
main different locations 
Effect of different periods of storage on occurrence of fungi on millet showed that 
Syncephalasturm sp and Rhizopus stolonifer had the highest frequency of 39.4% and 20.1% 
respectively while Sporendonema sp had the least frequency of occurrence of 0.5%. After 
two months of storage, Aspergillus flavus had the highest frequency of 51.1% and 
Gonatobotrys simplex had the least frequency of 0.2%. After three months of storage, 
Aspergillus niger had the highest frequency of occurrence of 51.9% while Penicillium sp 
had the lowest frequency of 0.4% (Table 5).  
3.2 Mycotoxin Quantification Results 
The mycotoxin analysis showed that the millet samples produced four aflatoxins B1, B2, 
G1 and G2. The sample from Oje market (millet 3) produced aflatoxin B1 which was the 
most toxic at 897ppb followed by the sample from Bodija (millet 2) (498ppb) and the least 
toxic was the sample from Oja-Oba market (millet 1) (224ppb). Aflatoxin B2 was higher 
in Bodija market at 74ppb than Oja-Oba market (70ppb) and Oje market (50ppb). 
Aflatoxin G1 was higher in Oja-Oba market (58ppb) than in Bodija market (32ppb), in Oje 
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market, aflatoxin G1 was below detection limit and hence was recorded as 0. Aflatoxin 
G2 was only detectable in Oja-Oba market (33ppb), in Bodija and Oje markets, the G1 
level was below detection limit and was recorded as 0. The presence of aflatoxin B1 in the 
samples means that the millet sample is highly toxic (Table 6). 
 
4. Discussion 
A total of fourteen (14) fungi comprising five different genera were isolated from millet 
grains in this study. Three (3) of these fungi were different species of the genus Aspergillus 
(flavus, niger and fumigatus). Four fungi isolated from the millet which were consistent 
included Aspergillus niger, Aspergillus flavus, Rhizopus spp, Mucor mucedo and Aspergillus 
fumigatus. The five isolates are referred to as moulds and are characterized with abundant 
spores/conidia production in the environment. The frequently observed fungal isolates 
in this study is in consonance with an earlier report by Bankole and Mabekoje (2004) and 
Makun et al. (2006). These same fungi were also reportedly isolated by Fagbohun et al. 
(2007) and Amadi and Adeniyi (2009). 
Majority of the fungal species occurred more abundantly in Oja-Oba location than in 
others and within the second month than the others; for instance, the genus Aspergillus 
have a world-wide distribution but is more predominant in the tropical to sub-tropical 
areas. This observation is in line with Prescott et al. (2005), they observed that Aspergillus 
niger was the most abundant mould in nature. Aspergillus niger was predominantly 
isolated from all locations and across most of the storage months in study carried out by 
Peluola and Muibi (2010) while investigating the mycoflora associated with stored white 
yam chips in major yam producing areas in Oyo State, Nigeria.  
According to Agrios (1978), the most common storage fungi are Aspergillus and 
Penicillium species. Some of the fungi isolated in this study have been implicated in health 
problems of man and animals. Julie and Jacquline (2000) reported that majority of human 
illness is caused by the Mucorales e.g Rhizopus spp., Mucor spp. and Syncephalstrum spp. 
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Host risk factors include diabetes mellitus, neutropenia, sustained immunosuppressive 
therapy, chronic prednisone use, iron chelation therapy and severe malnutrition Fungus 
of the genera Altenaria are the most common mould causing asthma and increase the 
severity of the disease and mortality. They mostly cause allergy in adults prone to 
respiratory infections (Denning, 2006). 
 Many isolated mould species are implicated in the formation of mycotoxins (Onuoha, 
2007). Such is found in aspergillosis caused by Aspergillus spp. The aflatoxin fuminosin 
can be observed in food stuff contaminated by Fusarium spp. (Onuoha, 2007). Penicillium 
species and their toxins have been associated with the yellow rice diseases of Japan which 
are characterized by cardiac beri-beri, liver and kidney damage (Uraguchi and Yamazaki, 
1978). The mycotoxins elaborated by these fungi include but not limited to ochratoxin A, 
citrinin, patulin, roquefortine C, verrucosidin, penicillic acid and cyclopiazonic acid 
(Scott, 1994). Patulin, roquefortine C and verrucosidin are potent neurotoxins while 
cyclopiazonic acid has been reported to be toxic to gastrointestinal tract, liver, heart, 
kidney and skeletal muscle, and a secondary immunosuppressant (Prelusky et al., 1994). 
The confirmation of aflatoxin in the millet samples is in accordance with the results of 
Van Egmond and Jewers (1987) who reported that AFB1 in grains is the most potent and 
toxic of all the aflatoxins and it is responsible for causing most diseases in humans and 
animals. However, contrary to their report AFB2 was present in all the samples.  AFG1 
and AFG2 found in the millet grains also contradict the WHO (2018) report which stated 
that where AFB1 is absent, no other aflatoxins can be present however, AFB1 and AFB2 
and other aflatoxins were present. 
 Aflatoxins are acutely toxic, immunosuppressive, mutagenic, teratogenic and 
carcinogenic compounds. The main target organ for toxicity and carcinogenicity is the 
liver. The evaluation of epidemiological and laboratory results carried out in 1987 by the 
International Agency for Research on Cancer (IARC) found that there is sufficient 
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evidence in humans for the carcinogenicity of naturally occurring mixtures of aflatoxins 
(IARC, 1987). 
According to Alabi (1989), of the four aflatoxins (B1, B2, G1, and G2), B1 is the most 
common and most toxic with lethal dose (LD50) of less than 0.5 mg/kg body weight in 
ducklings which are particularly susceptible. Aflatoxin B1 is an important contaminant 
of food and feed crops before, during and after harvest (Shanahan et al., 2003) and is very 
hazardous to human health. In 1981, the maximum limit for aflatoxin in food (aflatoxin 
B. or the sum of aflatoxins B1, B2, G1 and G2) vary from zero to 50ppb (Van Egmond and 
Jewers, 1987). 
The Aspergillus species which were the commonest fungal contaminant of millet samples 
in this study are known to produce a host of mycotoxins that are hepatocarciongenic 
(aflatoxins, penicillic acid and sterigmatocystin), neurotoxic (fumitremorgens A and B, 
and fumigaclavines) and nephrotoxic (ochratoxn A and citrinin) to man and animals 
(Prelusky et al., 1994).  Kojic acid and malformins, which are also toxins of Aspergillus, are 
lethal to mice and rats, respectively, while secalonic acid also produced by same genera 
of fungi is lethal, cardiotoxic, teratogenic and a lung-irritant to mice (Reddy and Hayes 
2001). Aflatoxin B1 which is found in some mouldy millet samples is the Aspergillus 
mycotoxin of greatest public health concern because it has been associated with high 
incidence of liver cancer in certain parts of the world (Bankole and Adebanjo, 2003). 
Aflatoxin contamination has been linked to increase mortality in farm animals and thus 
significantly lowers the value of grains as an animal feed and as an export commodity 
(Smith and Moss, 1985). Milk products can also serve as an indirect source of aflatoxin. 
When cows consume aflatoxin-contaminated feeds, they metabolically biotransform 
aflatoxin B1 into a hydrolyzed form called aflatoxin M1 (Van Egmond, 1989). 
Aflatoxin is associated with both toxicity and carcinogenicity in human and animal 
populations (Eaton and Groopman, 1994). The diseases caused by aflatoxin consumption 
are loosely called aflatoxicoses. Acute aflatoxicoses results in death; chronic aflatoxicoses 
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results in cancer, immune suppression and other “slow” pathological conditions. The 
liver is the primary target organ, with liver damage occurring when poultry, fish, rodents 
and nonhuman primates are fed aflatoxin B1 (Cullen and Newberne, 1994). 
Aflatoxins are important because some are extremely toxic to many kinds of animals; 
10ppb AFB1 consumed regularly by rats may eventually result in fatal liver cancer and 
in somewhat larger amounts- a few hundred ppb- aflatoxin cause a great variety of ill 
effects in wild and domestic animals. An aflatoxin contamination of 20ppb is permitted 
in feed grains and in feeds in the U.S.A. but in foods intended for human consumption 
the tolerance is zero. However, these guidelines were revised. North Carolina 
agricultural officials reported that maize containing up to 200ppb could be fed to heifers 
(older than 6 months), calves and bulls and to non-lactating brood cows. Maize 
containing aflatoxin higher than 20ppb should not be fed to lactating animals, used as 
any starter ration or feed to poultry. All other animals could be fed with containing 
aflatoxin levels up to 100ppb. For human consumption, a level below 20ppb is enforced 
(Mirocha and Christensen, 1982; Pitt, 1995). 
The United States has a guideline level of 20µg/kg for total aflatoxins (sum of AFB1, 
AFB2, AFg1 and AFG2) for food. The European Community enforces a more stringent 
ML of 4µg/kg for total aflatoxins in food. Europe also implements an aflatoxin-free 
requirement for foods for infants and an ML of 0.1µg/kg for processed, cereal-based foods 
and baby foods for infants and young children (European Union Law, 2006). 
4.1 Conclusion and Recommendation 
This study revealed the association of different types of fungi with millet both at point of 
sale and during storage. The most prominent among these fungal isolates as shown with 
the results of this study were Aspergillus flavus and Aspergillus niger.  
The presence of different species of fungi associated with the millets used in this study 
could represent a serious problem by secretion of different kinds of mycotoxins which 
could also affect human and animal health. Relevant authorities should work together in 
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reducing the risk of contamination and risk of mycotoxin exposure from the consumption 
of millet and derived products. There is also the need for regulations to ensure that 
microbial standards are established and practiced by farmers and marketers for the 
handling and distribution of millet and its derived products. 
Immediate action should be taken to ensure the application of good agricultural practices 
to prevent or reduce to a minimal level fungal contamination and growth in millet and 
its products during the entire food chain from planting to storage by using different 
methods to minimize fungal infection, including seed treatment, biocontrol and possibly 
cropping sequence. Other crop production practices that can be managed to reduce 
mycotoxins may include irrigation, fertilization and plant density. Another potential 
strategy to reduce mycotoxin contamination is to grow cultivars resistant to fungal 
invasion and subsequent mycotoxin production.  
In addition, the establishment of effective GAP (Good Agricultural Practices) and 
HACCP (Hazard Critical Control Point). Programmes that would cover all aspects of 
growing, harvesting, packing, transport, processing and distribution of millet is strongly 
recommended.  
The most important factor to be considered after the above mentioned practices is to 
control the storage condition such as moisture and temperature of the millet grains and 
its derived products. Fungi tend to thrive well in moist or damp environments; it is 
therefore recommended that millet grains should be stored in dry environments to 
reduce fungal contamination. It is also recommended that millet grains should not be 
stored for long periods of time before final disposal to prevent the buildup of 
contaminants (fungi). 
Testing seed health of millet grains should be introduced in the national seed quality 
system. Seeds for planting should be free from seed-borne pathogen to ensure seed 
viability and germination. 
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In conclusion, further work needs to be done to determine the consistency of the fungi 
and mycotoxins isolated from different periods to determine diseases incidences and 
severity under favorable conditions. 
 
Table 1: Occurrence of fungal isolates from millet samples in different locations in 
Ibadan, Nigeria 
Locations 
Sample Periods   Isolates   Oja-Oba               Bodija                 Oje  
        1 Syncephalastrum spp  +                +            + 
 Rhizopus stolonifer  +   +   + 
 Sporendonema spp  +   -   - 
 Mucor mucedo   +   +         + 
 Aspergillus niger   -   -   + 
 Aspergillus fumigatus              +   -   - 
 Aspergillus flavus  -                            +              + 
 Fusarium spp   +   -   - 
 Alternaria brassicicola  +   -   - 
 Curvularia spp   +   +   - 
       2 Aspergillus flavus              +   +   +  
 Aspergillus niger   +   +   + 
 Rhizopus stolonifer  +   +   +  
 Nigrospora oryzae  -   -   + 
 Mucor mucedo   +                                          +             - 
Penicillium spp   +   -   + 
Aspergillus fumigatus           -   +   - 
  Curvularia spp   +   -   -  
 Gonatobotrys simplex  +   -   - 
               Acladium conspersum  +   -   - 
      3 Aspergillus flavus  +   +   + 
Aspergillus niger   +   +   + 
Aspergillus fumigatus  +   -   + 
Rhizopus stolonifer  +   +   + 
Nigrospora oryzae  -   -   + 
Mucor mucedo   -   +   - 
Curvularia spp   +   +   - 
Alternaria brassicicola     +   -   -   
 Penicillium spp   +   -   - 
 Gonatobotrys simplex  +   -   - 
         
Key note: + = present; - = absent 
 ADVANCES IN BIOSCIENCE AND BIOENGINEERING 
 16 
Table 2: Frequency (%) of occurrence of fungal isolates on millets from three main  
   locations in Ibadan, Nigeria 
Locations 
                                       Oja-Oba                          Bodija               Oje  
Fungal isolate    1st 2nd  3rd  1st 2nd  3rd 1st 2nd  3rd 
Syncephalasturm spp  25.0 -  51.4 - - 25.9 - - 
Aspergillus fumigatus  25.0 15.2 7.6 - - 24.7 - 68.7 10.5 
Rhizopus stolonifer  14.0 2.2 2.6 20.6 30.2 12.3 18.5 12.5 3.7 
Sporendonema spp  1.6 - -  - - - - - - 
Fusarium spp   9.4 6.2 - - 13.9 - - 1.3 - 
Alternaria brassicicola   7.8 - 6.5 - - - - 1.3 - 
Curvularia spp   10.9 - 5.2 4.4 2.3 - - - - 
Mucor mucedo   6.3 5.8 2.6 11.8 - 5.6 7.4 - 3.0 
Aspergillus flavus  - 35.4 71.4 11.8 27.9 24.7 14.8 13.7 55.6 
Aspergillus niger   - 27.0 - - 2.3 32.5 33.3 2.5 26.3 
Penicillium spp   - 6.2 - - 23.2 - - - - 
Gonatobotrys simplex  - - 3.9 - - - - - - 
Acladium conspersum  - - - - - - - - - 
Nigrospora oryzae  - 2.0 - - - - - - - 
Key note: n = 3: - = absent 
 
Table 3: Average Frequency (%) occurrence of fungi isolated on millet samples in three  
   selected locations in Ibadan, Nigeria 
Fungi                                   No (%) 
Syncephalasturm spp     16 (6.5%) 
Aspergillus fumigatus     63 (25.7%) 
Rhizopus stolonifer     14 (5.7%) 
Sporendonema spp     1 (0.4%) 
Fusarium spp      9 (3.6%) 
Alternaria brassicicola     7 (2.8%) 
Curvularia spp      8 (3.2%) 
Mucor mucedo      6 (2.4%) 
Aspergillus flavus     58 (23.6%) 
Aspergillus niger      52 (21.2%) 
Penicillium spp      7 (2.8%) 
Gonatobotrys simplex      3 (1.2%) 
Acladium conspersum      2 (0.5%) 
Nigrospora oryzae                   1(0.4%) 
Key note: n = 3; - = absent 
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Table 4: Average frequency (%) occurrence of fungi associated with millet stored for 
three months 
Fungi          Storage Period 
          1 month           2 months       3 months  
             Oja-Oba Bodija   Oje    Oja-Oba  Bodija   Oje    Oja-Oba  Bodija  Oje 
Syncephalasturm spp          6.1        15.4      5.7         -          -           -            -          -           -  
Aspergillus fumigatus        19.6       5.3        18.7     31.1      40.1      1.5       28.5      19.4     24.1 
Rhizopus stolonifer             6.5        15.9       18.3     3.0       6.0        11.9      9.5        9.7      6.8        
Sporendonema spp             0.3          -  -             -          -            -           -         -            -          
Fusarium spp                    3.4        3.0   -        1.5       1.4          -            -         5.0         - 
Alternaria brassicicola      1.9           -            0.4         -           -           -            -         -             - 
Curvularia spp          2.7        0.4   -         1.0       2.8          -           -         -             - 
Mucor mucedo         1.5        3.9 2.8       1.5       7.4        4.6         2.2     7.3        3.7 
Aspergillus flavus          36.2       21.7      26.9     41.7     15.4      53.6      30.7    35.0      33.3 
Aspergillus niger         19.3       26.5  27.2    18.0     26.6     24.5       28.9    21.5      31.8 
Penicillium spp           2.2         5.7           -         0.5        -        1.3           -         -           -            
Gonatobotrys simplex           -             2.2           -       0.5          -       1.3           -       2.1        0.3            
Acladium conspersum           -             -      -        1.0          -         -            -           -        -            
Nigrospora oryzae               0.3          -                -    -             -      1.3           -           -        -              
Key note: n = 3; - = absent 
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Table 5: Frequency (%) occurrence of fungi associated with millet stored for three 
months   in three selected locations in Ibadan, Nigeria 
       Months of Storage 
Fungi                         1 month        2 months        3 months  
Syncephalasturm spp      39.4      -       - 
Aspergillus fumigatus     9.6     3.4      2.6 
Rhizopus stolonifer         20.1     4.8      4.0 
Sporendonema spp          0.5                   -                                   - 
Fusarium spp                  2.0                   -        - 
Alternaria brassicicola   2.9                              -       1.7  
Curvularia spp             6.0      5.1       1.8 
Mucor mucedo            9.6                  5.1        2.0 
Aspergillus flavus            9.6     51.1        34.8 
Aspergillus niger               -     15.0        51.9 
Penicillium spp   -      5.1          0.4 
Gonatobotrys simplex   -      0.2          0.8 
Acladium conspersum  -      5.1            - 
Nigrospora oryzae               -      5.1             - 
Key note: n = 3; - = absent 
 
Table 6: Mycotoxin quantification results 
Product 
Type 
Sample Id Aflatoxin (ppb)bc 
B1 B2 G1 G2 
Millet 1 224 50 58 33 
Millet 2 498 74 32 0 
Millet 3 897 70 0 0 
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Note: 
a. Recovery of toxin =>85% 
b. Zero means the aflatoxin level is below detection limit of the analytical method (1ppb)  
c. Values are means of two subsamples of each sample 
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